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Vertical cut through the cenire of the dishes
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WIRELESS TRANSCEIVER HAVING A HIGH
GAIN ANTENNA ARRANGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Indian Application
No. IN 202021050389, filed on Nov. 19, 2020, and also
claims priority from Great Britain Application No. GB

2107164 .2, filed on May 19, 2021, the enftirety of each of
which are both hereby fully incorporated by reference.

TECHNICAL FIELD

The present invention relates to a wireless transceiver
having a high gain antenna arrangement, and in particular,
but not exclusively, to a wireless transceiver for a fixed
wireless access wireless communication network, the wire-
less transcerver having an offset Gregorian antenna arrange-
ment.

BACKGROUND

There 1s a growing market for wireless systems operating,
at 1ncreasing high frequencies as demand for increased
bandwidth continues and as the cost of radio frequency
clectronic devices falls. In particular for fixed wireless
access systems, there 1s a requirement for radio stations
having a high antenna gain, in particular for installation at a
subscriber’s premises for communication with an access
point, typically located on an antenna tower. It 1s known, for
example 1n the field of professional satellite communication
systems, to use a Gregorian antenna arrangement to provide
high antenna gain. However, existing Gregorian antenna
arrangements are typically not suitable for consumer and
commercial applications, which may operate at frequencies
of 60 GHz and above, and which need to be compact and
low cost while maintaining accurate control of antenna beam
direction.

SUMMARY

In accordance with a first aspect of the mvention there 1s
provided a wireless transceiver for a wireless communica-

il

tion network, the wireless transceiver having an oilset
Gregorian antenna arrangement comprising:

a primary reflector dish;

an ¢lectrically conductive reflector member comprising a
secondary reflector and a conductive support wall;

a planar array of antenna elements arranged as a feed for
transmitting radio frequency signals to the secondary reflec-
tor and/or for receirving radio frequency signals from the
secondary reflector; and

a conductive support block configured to support the
planar array of antenna elements,

wherein the conductive support wall 1s connected directly
to the conductive support block, and the conductive support
wall 1s configured to be substantially perpendicular to the
planar array ol antenna elements.

This arrangement provides accurate location of the sec-
ondary retlector with respect to the planar array of antenna
clements. Furthermore, the conductive support wall prevents
spurious radiation from the planar array of antenna elements.

In an example, the electrically conductive retlector mem-
ber 1s metallic and formed as one piece.

10

15

20

25

30

35

40

45

50

55

60

65

2

This arrangement provides reduced metallic interfaces
thereby reducing sources of passive mtermodulation inter-
ference.

In an example, the conductive support block has a side
face perpendicular to the planar array of antenna elements,
the conductive support wall of the electrically conductive
reflector member being held against the side face by a fixing
member,

wherein a protrusion from the side face 1s configured to
limit movement of the conductive support wall 1n a direction
perpendicular to the planar array of antenna elements 1n a
direction towards the primary reflector dish.

This arrangement provides for precise location of the
clectrically conductive reflector member with respect to the
planar array of antenna elements, and 1n particular allows
precise control of the distance between the planar array and
the secondary retlector to a small fraction of the wavelength
of the radiofrequency transmissions which the Gregorian
antenna arrangements 1s configured to transmit and/or
receive. Furthermore, extension of the conductive support
wall 1n a direction away from the secondary reflector beyond
the face of the conductive support block avoids an interface
aligned with the face of the conductive support block facing
the secondary reflector, which may allow spurious radiation.

In an example, the electrically conductive reflector mem-
ber 1s formed by casting and the end of the electrically
conductive support wall furthest from the secondary retlec-
tor comprises a machined surface configured to abut against
a corresponding machined surface of the protrusion,
whereby to locate the secondary reflector 1n a predetermined
position with respect to the planar array of antenna elements.

This arrangement allows manufacture of the electrically
conductive reflector member to suflicient tolerance to give
precise control of the distance between the planar array and
the secondary retlector.

In an example, the electrically conductive reflector mem-
ber 1s electrically connected to the feed support member.

This arrangement reduces spurious electromagnetic radia-
tion.

In an example, the oflset Gregorian antenna arrangement
comprises a non-conductive enclosure configured to enclose
the electrically conductive reflector member, the planar
array of antenna elements, and the conductive support block,
and not to enclose the primary reflector dish.

This arrangement confines radiation through the non-
conductive enclosure to a small section of the enclosure,
which may be made thin-walled without compromising
mechanical strength, to reduce radiofrequency signal loss
for signals passing through the enclosure.

In an example, the non-conductive enclosure has a thin-
walled section directly mn the line of sight between the
primary reflector dish and the electrically conductive reflec-
tor member, the thin-walled section being less than half a
wavelength 1in thickness at an operating frequency of the
oflset Gregorian antenna arrangement.

This arrangement reduces radiofrequency signal loss for
signals passing through the enclosure.

In an example, the focus of the oflset Gregorian antenna
arrangement 1s located between the thin walled section of
the enclosure and the electrically conductive retlector mem-

ber.

This allows a reduced size of the thin-walled section,
reducing a reduction in the mechanical strength of the
enclosure.
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In an example, the focus of the ofiset Gregorian antenna
arrangement 1s located closer to the thin-walled section of
the enclosure than to the electrically conductive reflector
member.

This allows a particularly reduced size of the thin-walled
section, by disposing the thin-walled section 1n a position 1n

which the radiofrequency radiation 1s spread over a small
area.

In an example, the non-conductive enclosure 1s composed
ol polycarbonate.

This material provides a combination of low radioire-
quency signal loss and environmental stability.

In an example, the conductive support block 1s formed as
a first end of a feed support member, the feed support
member being directly connected, at an end opposite the first

end, to a support body configured to support the primary
dish.

This arrangement provides for accurate location of the
planar array of antenna elements and the secondary reflector
with respect to the primary reflector dish, thereby providing
predictable alignment between a radiation beam formed by
the planar array of antenna elements and the orientation of
the antenna arrangement, to facilitate accurate installation
by an installer.

In an example, the support body comprises an aperture
having an axis parallel to the direction of a radiofrequency
main beam which the offset Gregorian antenna arrangement
1s configured to form, the aperture providing a line of sight
along the axis,

wherein the aperture 1s configured to accept a hollow tube
and to hold the hollow tube 1n alignment with the aperture,
whereby to allow visual alignment of the oflset Gregorian
antenna arrangement with another radio station of the wire-
less communication network.

The hollow tube allows visual alignment of the oflset
Gregorian antenna arrangement with another radio station of
the wireless communication network by an installer, to an
accuracy suflicient that the other radio station 1s within a
range ol angular directions over which a beam from the
antenna arrangement may be electronically steered to pro-
vide more accurate alignment of the beam.

In an example, the primary reflector dish 1s substantially
rectangular in plan view, viewed from a direction parallel to
the direction of a radiofrequency main beam which the oflset
Gregorian antenna arrangement 1s configured to form.

This arrangement has been found to provide a compact
design with high radiofrequency gain.

In an example, the planar array of antenna elements 1s
formed as a rectangular array of patch antenna elements on
a substrate, wherein the conductive support block 1s config-
ured to support the substrate.

This arrangement provides accurate location of the array
ol antenna elements.

In an example, the substrate carries a radioirequency
integrated circuit comprising a beamiormer, the radiofre-
quency integrated circuit being on the opposite side of the
substrate from the side on which the array of patch antenna
clements 1s formed, the conductive support plate being
provided with a recess to accommodate the radiofrequency
integrated circuit.

This arrangement provides eflective electromagnetic
shielding of the radiofrequency integrated circuit.

In an example, the wireless transceiver 1s suitable for
operation at a frequency of 60 GHz.

The tight tolerances provided by the claimed mechanical
arrangement are particularly suited to operation at high
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frequencies where the wavelength 1s short and alignment of
the parts to a small fraction of the wavelength 1s typically
required.

Further features and advantages of the invention will
become apparent from the {following description of
examples of the mvention, which 1s made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

In order that the present invention may be more readily
understood, examples of the invention will now be
described, with reference to the accompanying drawings, 1n
which:

FIG. 1 1s a schematic diagram showing the principle of
operation of an offset Gregorian antenna arrangement with
a planar array of antenna elements as a feed;

FIG. 2 1s a schematic diagram showing an oflset Grego-
rian antenna arrangement in an embodiment of the inven-
tion;

FIG. 3 shows a cross-section of the o
antenna arrangement;

FIG. 4 shows a cross-section of the feed arrangement for
the offset Gregorian antenna arrangement;

FIG. 5 shows a plan view of the planar array of antenna
clements and the conductive support block, 1n relation to a
cross-section of the conductive support wall in the plane of
the array ol antenna elements;

FIGS. 6a and 66 are schematic diagrams showing the
shape the primary reflector dish and the secondary reflector
in a cross-section 1n a vertical and horizontal cross-section
respectively;

FIG. 7 1s a schematic diagram showing a wireless trans-
ceiver having the oflset Gregorian antenna arrangement and
having a visual alignment tube;

FIG. 8 shows an oblique perspective view of a wireless
transceiver having the ofiset Gregorian antenna arrange-
ment,

FIG. 9 shows a further oblique perspective view of the
wireless transceiver having the oflset Gregorian antenna
arrangement; and

FIG. 10 1s a plan view of the wireless transceiver, viewed
from the direction of a radiofrequency main beam which the
oflset Gregorian antenna arrangement 1s configured to form.

"y

set Gregorian

DETAILED DESCRIPTION

Examples of the invention are described in the context of
wireless transcerver having a high gain antenna arrangement
in the form of a subscriber module for use with a terrestrial
fixed wireless access wireless communication system oper-
ating 1 the band of 39-65 GHz. However, 1t will be
understood that embodiments of the invention may relate to
other applications and other antenna gains, and to other
frequency bands.

The subscriber module 1n the described example 1s a high
gain subscriber module intended for use 1n a fixed wireless
access wireless communication system comprising an
access point, typically located on a tower, and a number of
subscriber modules, which may be a mix of high gain and
low gain subscriber modules, typically fixed to poles
mounted at subscribers’ premises, which may be commer-
cial or private residential premises, for example.

In some cases a low gain subscriber module may be
installed relatively close to the access point, 1n which case
an antenna arrangement having a lower gain may be suil-
cient. Such an antenna arrangement may comprise an array
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of antenna elements, element being connected to a beam-
former, which may be in the form of a commercially
available beamforming radiofrequency integrated circuit.
For example, the array of antenna elements may be an 8x8
array of patch antenna elements spaced apart by approxi-
mately a half wavelength. The beamformer may be typically
arranged to form a beam selected from a number of pre-
configured beams, in an example 120 pre-configured beams.
The pre-configured beams may be distributed over an angu-
lar sector of approximately +/—40 degrees in azimuth and
+/-20 degrees 1n elevation in one example. In this case,
installation of the low gain subscriber module with at least
some ol the beams in the direction of the access point 1s
relatively straightiforward. The best beam for use can be
selected by a sweep of possible beams at the subscriber
module and then selecting a beam which can be used for
communication. A similar process may take place at the
access point, which may have a similar antenna arrange-
ment, so that a best beam at the subscriber module and a best
beam at the access point can be selected.

However, a subscriber module may be installed further
from the access point, for example at distances of 1 km or
more. In this case, the high gain subscriber module of this
example may be required, due to a greater signal loss due the
greater propagation distance.

The high gain subscriber module of this example uses an
array ol antenna elements and beamformer similar to that
used 1n the subscriber module having lower gain as already
described, but the array of antenna elements 1s used as a teed
for an offset Gregorian antenna system. The beam produced
by the array of antenna elements 1s reflected by the second-
ary reflector of the oflset Gregorian antenna system onto the
primary reflector dish, to produce a narrower beam from the
primary reflector dish than the beam produced by the array.
For example, the beam produced by the array may be
approximately +/—-8 degrees between 3 dB points and the
beam transmitted or received by the primary reflector dish
may be approximately 0.7 degrees between 3 dB points. This
reduced beamwidth gives an improvement in gain, which
may provide approximately a 22 dB increase i gain in
comparison with the gain of the antenna array alone. The
overall gain of the antenna arrangement of the high gain
subscriber module may be approximately 44 dBi1 (deciBels
compared to 1sotropic) for this arrangement.

The high gain antenna arrangement results 1n a reduction
in the angular sector over which a beam may be formed. In
the above example, the pre-configured beams may be dis-
tributed over an angular sector of approximately +/-2
degrees 1 azimuth and +/-1 degree 1n elevation from the
primary reflector dish.

As a result of the narrower beams, and the smaller angular
sector over which the beams may be steered, the installation
process of the high gain subscriber module may be more
demanding than for a low gain subscriber module. In order
to use the technique of using a scan of the beams to find a
best beam, 1t 1s necessary to first of all install the subscriber
module 1n an orientation 1n which the angular sector over
which the beams may be steered includes the direction of the
access point. To do this, i1t 1s important that the relationship
between the direction of the beams formed by the antenna
arrangement and the body of the subscriber modules 1s well
controlled. To achieve this, 1t 1s 1important that the parts of
the offset Gregorian antenna system are kept in the correct
relative positions to a fine tolerance. The tolerance 1s typi-
cally a small fraction of the wavelength at the operating
frequency of approximately 60 GHz in this example. It has
been found that the tolerance of the relative positions of the
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secondary reflector and the array of antenna elements 1s of
particular importance 1n controlling the beam direction. For
example, a tolerance of 0.5 mm or less may be required.

To hold the secondary reflector 1n a tightly controlled
position relative to the array of antenna elements, the
secondary reflector 1s connected to a block onto which the
array of antenna elements 1s mounted by a conductive plate.
The conductive plate may be referred to as a conductive
support wall. Typically, the secondary reflector and the
conductive support wall are made of metal and formed as
one piece, typically by casting. This provides a rigid piece
which can be fixed to the block on which the array of
antenna elements 1s mounted, typically by one or more
screws attaching 1t to the side of the block. The distance
between the secondary reflector and the block 1s tightly
controlled by providing a protrusion, or stop, on the side of
the block. In this example, the end of the conductive support
wall has a machined end, and this 1s held by the screws in
a position abutting the stop, which also has a machined
surface. The conductive support wall also has the benefit that
it stops spurious radiation from the array of antenna ele-
ments form being radiated directly from the array. It may be
thought that having a conductive object so close to the array
and the secondary reflector may adversely aflect the radia-
tion pattern produced by the antenna arrangement. The
conductive support wall 1s arranged to be perpendicular to
the plane of the array of antenna elements, and 1n particular,
the inner face of the conductive support wall 1s perpendicu-
lar to the plane of the array of antenna elements. It has found
that in this orientation of the support wall, any reflections of
radiation from the support wall do not adversely aflect the
radiation pattern of the antenna arrangement. The conduc-
tive support wall typically extends across the whole width of
the array, closing ofl any aperture that may otherwise be
formed between the secondary reflector and the support
block of the antenna array. The support wall 1s situated close
to the array, typically within a distance from the array of a
quarter or less of the width or length of the array. The
secondary reflector has a double curvature profile on 1its
inner surface, facing the array, which 1s a section of a
parabola 1n both the horizontal and vertical planes, the
vertical plane being the axis of symmetry of the Gregorian
antenna arrangement.

The support block for the array of antenna elements 1n this
arrangement forms the end of a rigid cast metallic arm which
1s connected to the rnigid cast metallic body of the trans-
ceiver, which supports the radio circuitry. Appropriate wires
and coaxial cables are routed through the arm, typically 1n
grooves to give electromagnetic compatibility protection,
between the radio circuitry and the beamiormer attached to
the array of antenna elements. This rigid assembly, and the
precision attachment of the secondary retlector 1n relation to
the array, provides a predictable orientation of the beams
clectronically selected by the beamiormer, and allows an
installer to have confidence 1n the orientation of the angular
sector through which beams can actually be formed for
connection to the distant access point. To allow the installer
to line up the high gain subscriber module with the access
point, the body of the subscriber module 1s provided with an
aperture, into which a hollow tube may be fixed in a
predetermined orientation that 1s typically aligned with a
beam at the center of the sector through which the beams can
be steered. Using the hollow tube for visual alignment with
the access point, there typically being a line of sight path
between the subscriber module and the access point for
propagation in the 60 GHz band, allows the installer to
reliably orientate the subscriber module sufliciently that the
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beam searching approach can select a workable beam for
communication. Typically the identifier of the beam with the
greatest signal strength 1s fed back from the access point for
a transmit beam, or the identifier of the beam having the
greatest signal strength received from the access point 1s
noted, for a receive beam. If the selected beam is not at the
center of the sector through which beams may be steered, a
message may be sent to the installer from a control processor
in the wireless network, typically a controller of the access
point or the subscriber module, indicating that the orienta-
tion should be adjusted 1n a specified direction to align the
center of the sector of beams with the access point. This
message may be sent to a user device of the installer. The
direction of adjustment may be calculated using the known
relationship between the angles of the beams formed by the
antenna arrangement and the beam i1dentifiers that are set
clectronically. Once installed, any movement of the sub-
scriber module on 1ts mount, for example due to wind
loading, may be dealt with by reselection of the beams. This
1s most eflective 1f the initial installation of the subscriber
module allows communication using a beam at the center of
the angular sector through which beams can be steered.

FIG. 1 1s a schematic diagram showing the principle of
operation of an oflset Gregorian antenna arrangement, hav-
ing a primary reflector dish 3 and a secondary reflector 2. An
array of antenna elements 1 1s used to 1lluminate the sec-
ondary retlector 2 with radiofrequency radiation formed 1nto
a first beam having a first beamwidth. The amplitude and/or
phase of the signals fed to/received from respective elements
of the array are arranged to have appropriate values to form
a beam of intended direction and beamwidth. The amplitude
and/or phase of the signals fed to/received from respective
clements 1s typically controlled by a beamformer imple-
mented by a radiofrequency integrated circuit. The effect of
the combination of the primary reflector dish 3 and the
secondary reflector 2 1s to increase the gain of the first beam,
producing a second beam of reduced beamwidth. For
example, the first beam may have a beamwidth, measured as
being the angular distance between points of the radiation
beam that have a gain 3 dB lower than the gain 1n the center
of the beam, of approximately 8 degrees, and the second
beam may have a beamwidth of approximately 0.5 degrees.
Also, a given deviation of the first beam from a direction
perpendicular to the array will result 1n a smaller deviation
in the second beam.

FIG. 2 shows an example of an implementation of an
oflset Gregorian antenna arrangement 1n the example of a
high gain subscriber module. The secondary reflector 6 1s
provided as part of an electrically conductive reflector
member 7 which comprises both the secondary retlector 6
and a conductive support wall 5. A planar array of antenna
clements 8 1s arranged as a feed for transmitting radio
frequency signals to the secondary retlector 6, and/or for
receiving radio frequency signals from the secondary reflec-
tor 6. A conductive support block 9 1s configured to support
the planar array of antenna elements 8. In an example of
FIG. 2, the conductive support block 9 1s formed as a first
end of a feed support member 15, the feed support member
being directly connected, at an end opposite the first end, to
a support body 11 configured to support the primary reflector
dish 10. This arrangement provides for accurate location of
the planar array of antenna elements 8 and the secondary
reflector 6 with respect to the primary reflector dish, pro-
viding predictable alignment between a radiation beam
formed by the planar array of antenna elements and the
orientation of the antenna arrangement.
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As can be seen 1n FIG. 2, the conductive support wall 5
1s connected directly to the conductive support block 9. The
conductive support wall 5 1s substantially perpendicular to
the planar array of antenna elements 8. This arrangement
provides accurate location of the secondary reflector 6 with
respect to the planar array of antenna elements 8. Further-
more, the conductive support wall 5 prevents spurious
radiation from the planar array of antenna elements 8.

The secondary retlector 6 acts as a feed for the primary
reflector dish 10, as described in connection with FIG. 1.

In the embodiment described, the electrically conductive
reflector member 7 1s metallic and formed as one piece,
comprising the secondary retflector 6 and the conductive
support wall 5. This arrangement provides reduced metallic
interfaces than would result 1f the secondary reflector were
connected to a separate support structure, thereby reducing
sources of passive mtermodulation interference. As may be
seem 1n FIG. 2, the conductive support block 9 has a side
face 13 perpendicular to the planar array of antenna ele-
ments 8, the conductive support wall 5 of the electrically
conductive reflector member 7 being held against the side
face by a fixing member 14, such as one or more screws.

As can be seen 1n FIG. 2, a protrusion 12 from the side
face 13 1s configured to limit movement of the conductive
support wall § 1n a direction perpendicular to the planar
array ol antenna elements 8 1n a direction generally towards
the primary reflector dish 10. This arrangement provides for
precise location of the electrically conductive reflector mem-
ber 7 with respect to the planar array of antenna elements 8,
and 1 particular allows precise control of the distance
between the planar array 8 and the secondary retflector 6 to
a small fraction of the wavelength of the radioirequency
transmissions which the offset Gregorian antenna arrange-
ment 1s configured to transmit and/or recerve. Furthermore,
extension of the conductive support wall 5 1n a direction
generally away from the secondary reflector 6 beyond the
face of the conductive support block 9 avoids an interface
aligned with the face of the conductive support block 9
facing the secondary reflector 6, which may allow spurious
radiation.

In an example, the electrically conductive retlector mem-
ber 7 1s formed by casting and the end of the electrically
conductive support wall 5 furthest from the secondary
reflector 6 comprises a machined surface configured to abutt
against a corresponding machined surface of the protrusion
12, whereby to locate the secondary reflector 6 1n a prede-
termined position with respect to the planar array of antenna
clements 8. This arrangement allows manufacture of the
clectrically conductive reflector member 7 to suflicient tol-
erance to give precise control of the distance between the
planar array 8 and the secondary reflector 6. Typically, the
clectrically conductive reflector member 7 1s electrically
connected to the feed support member 15. This arrangement
reduces spurious electromagnetic radiation.

FIG. 3 shows a cross-section of a wireless transceiver
having an ofiset Gregorian antenna arrangement in an
example. The view of FIG. 3 comprises a cross-sectional
view, showing parts that would be visible 1f the transceiver
were cut 1n addition to showing cut edges. This view shows
a radio transceiver circuit board 25 and radio transceiver
enclosure 26, and also a non-conductive enclosure 20 sur-
rounding the feed of the offset Gregorian antenna arrange-
ment.

T'he non-conductive enclosure forms a radome to
allow the transmission and/or reception of signals while
providing environmental protection to the feed. In an
example, the non-conductive enclosure 1s composed of
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polycarbonate, which provides a combination of low radioi-
requency signal loss and environmental stability.

It can be seen from FIG. 3 that the non-conductive
enclosure 20 configured to encloses the electrically conduc-
tive retflector member 7, the planar array of antenna elements
8, and the conductive support block 9 but does not enclose
the primary reflector dish 10. This arrangement confines
radiation through the non-conductive enclosure to a small
section of the enclosure, which may be made thin-walled
without compromising mechamical strength, to reduce
radiofrequency signal loss for signals passing through the
enclosure.

As can be seen 1n the example of FIG. 3, the non-
conductive enclosure 20 has a thin-walled section 19
directly 1n the line of sight between the primary reflector
dish 10 and the electrically conductive reflector member 7.
In this example, the thin-walled section 19 1s less than half
a wavelength 1n thickness at an operating frequency of the
oflset Gregorian antenna arrangement. Typically, the thin-
walled section has a thickness that 1s haltf the thickness or
less of typical sections of the enclosure away from the
thin-walled section. The thin-walled section may have a
thickness that 1s half the thickness or less of the average
thickness of walls of the enclosure other than the thin-walled
section.

This arrangement reduces radiofrequency signal loss for
signals passing through the enclosure.

As can be seen 1n FIG. 3, the focus 21 of the offset
Gregorian antenna arrangement 1s located between the thin
walled section 19 of the enclosure and the electrically
conductive reflector member 7. This allows a reduced size of
the thin-walled section, reducing a reduction in the mechani-
cal strength of the enclosure.

As can also be seen 1n FIG. 3, the focus 21 of the offset
Gregorian antenna arrangement 1s located closer to the
thin-walled section 19 of the enclosure than to the electri-
cally conductive reflector member 7. This allows a particu-
larly reduced size of the thin-walled section 19, by disposing
the thin-walled section 1n a position 1 which the radiofre-
quency radiation 1s spread over a small area.

FIG. 4 shows the section of FIG. 3 labelled “B” at greater
magnification. In particular, the mounting arrangement of
the electrically conductive reflector member 7 to the con-
ductive support block 9 1s shown. It can be seen from FIG.
4 that the conductive support block 9 has a side face 13
perpendicular to the planar array of antenna elements 8. The
fixing member holding the conductive support wall 5 of the
clectrically conductive reflector member 7 being held
against the side face 13 1s not shown 1n the cross-section of
FIG. 5. The protrusion 12 from the side face 13 1s shown,
and 1t can be seen that 1t 1s conﬁgured to limit movement of
the conductive support wall 5 1n a direction perpendicular to
the planar array of antenna elements 8. Also, 1t can be seen
from FIG. 4 that the end of the electrically conductive
support wall 5 turthest from the secondary retlector com-
prises a suriace 27 configured to abut against a correspond-
ing surtace of the protrusion 12, to locate the secondary
reflector 6 1n a predetermined position with respect to the
planar array ol antenna clements 8.

FIG. 5 shows an example of a plan view of the planar
array ol antenna eclements 8 and the conductive support
block 9, in relation to a cross-section of the conductive
support wall 5 1n the plane of the array of antenna elements.
In this example, there 1s a rectangular array of antenna
clements, 1n this case an 8x8 array 1s shown, each antenna
clement comprising a patch antenna element 28. Typically,
the spacing between patch antenna elements 1s approxi-

10

15

20

25

30

35

40

45

50

55

60

65

10

mately half a wavelength at an operating frequency of the
antenna arrangement, 1n this example approximately 60
GHz. Other configurations of antenna elements may be used.
It can be seen that the conductive support wall 5 typically
extends across the width w of the support block 9, the width
w o1 the support block being measured 1n a plane parallel to
the substantially flat support wall 5. The array of antenna
clements 8 1s formed as a rectangular array of patch antenna
clements 28 on a substrate such a printed circuit board or
ceramic tile. The conductive support block 9 1s configured to
support the substrate. The substrate, in the example of FIG.
4, carries a radiofrequency integrated circuit comprising a
beamiormer, the radiofrequency integrated circuit being on
the opposite side of the substrate from the side on which the
array ol patch antenna elements 1s formed, the conductive
support block 9 being provided with a recess 22 to accom-
modate the radiofrequency integrated circuit. This arrange-
ment provides eflective electromagnetic shielding of the
radiofrequency integrated circuit.

FIG. 6a shows a typical profile, 1n a vertical cross-section
through the oflset Gregorian antenna arrangement, 1 a
similar plane to that of the cross-section of FIG. 3. The
reflector surfaces are shown of the primary retlector dish 10
and the secondary reflector 6. A practical implementation
may comprise reduced sections of the theoretical curves
shown 1n FIGS. 6a and 6b. The planar array of antenna
clements 8 1s also shown. FIG. 65 shows a typical profile, 1n
a hornizontal cross-section through the offset Gregoran
antenna arrangement, again showing the reflector surfaces of
the primary reflector dish 10 and the secondary reflector 6,
and the planar array of antenna elements 8. The primary
reflector dish 10 has a parabolic shape 1n both the vertical
and horizontal cross-sections. The secondary reflector dish 6
also has a parabolic shape 1n both the vertical and horizontal
cross-sections.

FIG. 7 1s a schematic diagram showing an oflset Grego-
rian antenna arrangement having a visual alignment tube 18.
In an example shown 1n FIG. 7, the support body 11, which
in this example 1s an aluminium casting forms a mechanical
basis for mounting the antenna arrangement, comprises an
aperture 16 having an axis 23 parallel to the direction 24 of
a radiolrequency main beam which the ofiset Gregorian
antenna arrangement 1s configured to form, the aperture
providing a line of sight along the axis 23. The aperture 16
1s arranged to accept a hollow tube 18 and to hold the hollow
tube 18 1 alignment with the aperture 16. The aperture may
have a v-section groove and a thread to accept a grub screw
17 configured to bear against the tube 18, to allow visual
alignment of the oflset Gregorian antenna arrangement with
another radio station of the wireless communication net-
work. The hollow tube allows visual alignment of the oflset
Gregorian antenna arrangement with another radio station of
the wireless communication network by an installer, to an
accuracy, typically of approximately +/-2 degrees, suilicient
that the other radio station 1s within a range of angular
directions over which a beam from the antenna arrangement
may be electronically steered to provide more accurate
alignment of the beam.

FIG. 8 shows an oblique perspective view of a wireless
transceiver having the oflset Gregorian antenna arrangement
in an example, showing the aperture 16 for holding the
alignment tube, the primary reflector dish 10, and the
non-conductive enclosure 20.

FIG. 9 shows a further oblique perspective view of the
wireless transceiver having the oflset Gregorian antenna
arrangement, also showing the aperture 16 for holding the
alignment tube, the primary reflector dish 10, and the
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non-conductive enclosure 20. In addition, the support body
11 and radio transceiver enclosure 26 are shown.

FIG. 10 1s a plan view of the oflset Gregorian antenna
arrangement, viewed from the direction of a radiofrequency
main beam which the offset Gregorian antenna arrangement
1s configured to form, 1n an example. It can be seen that the
primary reflector dish 10 1s substantially rectangular 1n plan
view, viewed from a direction parallel to the direction of a
radiofrequency main beam which the offset Gregorian
antenna arrangement 1s configured to form. The primary
reflector dish may be formed of pressed metal. This arrange-
ment has been found to provide a compact design with high
radiofrequency gain. The aperture 16 for holding the align-
ment tube and the primary the non-conductive enclosure 20
are also shown 1n FIG. 10.

It 1s to be understood that any feature described in relation
to any one example may be used alone, or 1n combination
with other features described, and may also be used in
combination with one or more features of any other of the
examples, or any combination of any other of the examples.
Furthermore, equivalents and modifications not described
above may also be employed without departing from the
scope of the imnvention, which 1s defined 1n the accompany-
ing claims.

What i1s claimed 1s:

1. A wireless transceiver for a wireless communication
network, the wireless transceiver having an offset Gregorian
antenna arrangement comprising:

a primary reflector dish;

an electrically conductive reflector member comprising a
secondary reflector and a conductive support wall;

a planar array of antenna elements arranged as a feed for
transmitting radio frequency signals to the secondary
reflector and/or for receiving radio frequency signals
from the secondary retlector; and

a conductive support block configured to support the
planar array of antenna elements,

wherein the conductive support wall 1s connected directly
to the conductive support block, and the conductive
support wall 1s configured to be substantially perpen-
dicular to the planar array of antenna elements, and

wherein the conductive support wall 1s situated within a
distance from the planar array of antenna elements of a
quarter or less of one of the width or length of the
planar array of antenna elements.

2. The wireless transceiver of claim 1, wherein the elec-
trically conductive reflector member 1s metallic and formed
as one piece.

3. The wireless transceiver of claim 2, wherein the con-
ductive support block has a side face perpendicular to the
planar array of antenna elements, the conductive support
wall of the electrically conductive reflector member being,
held against the side face by a fixing member,

wherein a protrusion from the side face 1s configured to
limit movement of the conductive support wall 1n a
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direction perpendicular to the planar array of antenna
clements 1n a direction towards the primary reflector
dish.

4. The wireless transceiver of claim 3,

wherein the electrically conductive reflector member 1s

formed by casting and the end of the electrically
conductive support wall furthest from the secondary
reflector comprises a machined surface configured to
abutt against a corresponding machined surface of the
protrusion, whereby to locate the secondary reflector 1n
a predetermined position with respect to the planar
array of antenna elements.

5. The wireless transceiver of claim 1 comprising a
non-conductive enclosure configured to enclose the electri-
cally conductive reflector member, the planar array of
antenna elements, and the conductive support block, and not
to enclose the primary retlector dish.

6. The wireless transceiver of claim 5, wherein the non-

conductive enclosure has a thin-walled section directly 1n
the line of sight between the primary reflector dish and the
clectrically conductive reflector member, the thin-walled
section being less than half a wavelength 1n thickness at an

operating frequency of the oflset Gregorian antenna arrange-
ment.

7. The wireless transceiver of claim 6, wherein the focus
of the oflset Gregorian antenna arrangement 1s located
between the thin walled section of the enclosure and the
clectrically conductive reflector member.

8. The wireless transceiver of claim 7, wherein the focus
of the offset Gregorian antenna arrangement 1s located closer
to the thin-walled section of the enclosure than to the
clectrically conductive reflector member.

9. The wireless transceiver of claim 5, wherein the non-
conductive enclosure 1s composed of polycarbonate.

10. The wireless transceiver of claim 1, wherein the
conductive support block 1s formed as a first end of a feed
support member, the feed support member being directly
connected, at an end opposite the first end, to a support body
configured to support the primary dish.

11. The wireless transceiver of claam 10, wherein the
support body comprises an aperture having an axis parallel
to the direction of a radiofrequency main beam which the
oflset Gregorian antenna arrangement 1s conﬁgured to form,
the aperture providing a line of sight along the axis,

wherein the aperture 1s configured to accept a hollow tube

and to hold the hollow tube 1n alignment with the

aperture, whereby to allow visual alignment of the
offset Gregorian antenna arrangement with a radio

station of the wireless communication network.

12. The wireless transceiver of claim 1, wherein the
primary reflector dish 1s substantially rectangular in plan
view, viewed from a direction parallel to the direction of a
radiofrequency main beam which the oifset Gregorian
antenna arrangement 1s configured to form.

13. The wireless transceiver of claim 1 suitable for

operation at a frequency of 60 GHz.
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